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6 6 E 6 B, b Cec C ¢ S, s
8 s B ¢ vV, v T T T m T, & :
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F Ee E ¢ Ye, ye; E, et X x X x Kh, kh !
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3 3 3 2, 2 Y v Y v Ch, ch

- H o H u I, 1 W w U w Sh, sh

i noa A a Y, ¥y g ooy Shch, shch g

-t How K x K, k b b y SR " ]
i A n a L, 1 H o N u Y, ¥ L

; Fio M u M, m B b b » !

! H wH H n N, n 33 9 E, e

: Co 0O o 0, o K 0 » Yu, yu i

ﬁ nn n n P, p A A A a Ya, ya t
*ye initially, after vowels, and after m, »; & elsewhere. ﬁ
When written as & in Russian, transliterate as yé& or €.

RUSSIAN AND ZENGLISH TRIGONOMETRIC FUNCTIONS

PR————

Russian English Russian English Russian Englicsh
sin sin sh sinh arc sh sinh_:
cos cos ’ ch cosh arc ch cosh
tg tan th tanh arc th tann_:
ctg cot cth coth arc cth coth_7
sec sec sch sech arc sch sech_)
cosec cse ecsch ecsch arc e¢sch ¢sch

- ———

Russian English

rot curl
1lg leg
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The theory of twc-photon atscrpticn was developed by

] Submitted by corres. meaber M, Eorisovyy 23 Sept. 19714

Goppert-Mayer. It vas aprlied tc a solid by Braunstein [2] and Loudon
[3])e According to [2 ] the protatility of the fact that an alectron
from a valence zone sisultaneously absorbs two noncocherent photons:

R, and M, and converts intc a zone of ccnductivity is expressed:

oSt [ LR - AL

(1) oo J@F (B..—B,.—M.F(EM—E»—»».)-]"’(E“‘E""_"“’"”"")

Por case "alloved™-"allcwed™ transition the matrix element of the

soment is wvritten (4).

@ Piyr= H (ko) DOW(E)
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vhere /4, matrix elements, computed vith the aid of periodic parts
of Bloch functions between corréesgponding states. In this case they
are constants. d«ﬁ is the soluticn of Shrodinger equation for
electron-hole pair in the presence of electric field E, if we

disregard the Coulcmd interacticn betwveen thes
(3) (@+a) gt eF.r|. DU = Edu(r)

as is the relationship betwveen tne mass of free electron and the
effective mass in the ccrresponding zones. Equation (3) is solved in
{5) and is used during ccaputation of the coefficiaeant of electric

absorption by K. Tharmalingam [6]). According ¢to (4] in cylindrical

coordinates
na?
O] E, ':Ez+-§;" (% +a)
- 1 —F,—eF
5 D = lk . Ai S S
%) () =Byggexp (ko). 4 (=555
{
_l'!,_) $
© By
a 3(eF)Sn3
1
(@tatyy 3
» [

E. 4epending on the electric field of energy. Afx) Airy function.
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For a model with three levels

hua?
=g =2
Eo a’2m

(8) Ec‘ bl Eg + ag

+Ez

m’

Eu=4E+a, 5+ +E,

The absorption coefficient for photon 3, is expressed:

©) K=% %

After substitution cf£ W frca (1) and frcm (2), (S5) and (8) we

obtain the followving exfpression for K,;, introducing the dansity of
statas:

2 13 A’-—— A
(10) Ky e b e Mo ff )
cmAwiwya, +a,)2aR) _1£+ a,,+¢, ﬁ‘kz +E, —’lwl)

Al-re) 4 (-5)

(sE+ T 2 1] ]k hded g5 KBy b —h)

The absorption threshold is expressed so:

(11) Ao, + Bog=Eg-+E, + 5522 Wk

Having integrated in terms c¢f £, and set

A i
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Eg-+25% W2 —hoo, — Moy =yct

(12) AE+:—f——f—’ (hw1+ﬁw.—5g)—hw-.z=81.z
a‘+¢,_, =
r,,, "c+“9) =7
(532 ) = e

With the aid of (6) and (7) we obtain the following expressicn for K,

Wne'NyH2 M2
T T
(2rhyYmc¥a.4a,) K (ay+up) 3 (n, +npR0ws

(1) K, -

I |
(8,457 * By ] AOAKSt)

As seen from (13) the absorgtion coefficient K, will deperd not
only on the number of photons Aw,—.V,, but on the magnitude of the
electric field, applied to the crystal. Thanks to this, the
absorption can be started with tctal energy of both photons less than
the width of the fortidden zone, similar to single-photcn electric

ahsorption. Por case
an——ag(p O) and ﬂw‘-i- ’lm,<E,

ve can use the asyaptotic formula of Airy function [5). Let us

substitute it in (3) and obtain
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ne*FN,H3 H? .
K= 3 1w T X

(2nRYHEm 2 o oy a: Slactag)®

(14) .

o [ (et
1 3

f’(t+g7)(§,~n~1~h~.)’

‘ 1 ! :

Similar to single-photcn electric absorption (6) and in this case the
absorption coefficient derends exponentially cn the energy of

;ih otons, *

FOOTNOTE * After this wcrk was sent to press, thera became kncwn the
work of E. Yang. Opt. Commaunications. 3, 1971,' 6, 421, in which there
is examined the problem cf two-photon transitions in an electric
field and the result is expressed with the aid of Airy function.

ENDPOOTNOTE.
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